This article reviews symptomatic intraventricular xanthogranulomas, based on a case presentation. Bilateral xanthogranulomas of the choroid plexus were removed surgically from the lateral ventricles of a 12-year-old boy. At 9 years of age, he had evidence of increased intracranial pressure and was hospitalized. Dense enhancing masses were detected in computerized tomogram (CT) brain scan. The lesions were in the region of trigones with extension into the temporal horns and into the right occipital horn. The masses were brightly yellow and greasy. They measured 8.5 x 5.5 x 3.5 cm and 10 x 6.5 x 4.5 cm, respectively, and proved to be xanthogranulomas. Review of 35 reported symptomatic intraventricular xanthogranulomas revealed 11 lesions in the lateral ventricles in which six of them were bilateral. Twenty-two lesions were in the third ventricle, and two lesions were in the fourth ventricle. The lesion shows no significant sexual predilection. The patients' average age is 37.6 years for males, 32.4 years for females, and 34.3 years for both sexes. The size of symptomatic lesions ranged from 1 to 3 cm in diameter but a few were large, up to 8 to 10 cm. The origin of foamy (xanthoma) cells in the xanthogranulomas arising in the choroid plexus is thought to be multicentric including the choroidal epithelium and stromal arachnoidal cells that have undergone xanthomatous changes. Increased intracranial pressure is the significant clinical feature of the intraventricular xanthogranulomas as in other mass lesions within the skull. Surgical extirpation is the treatment of choice if the lesion is accessible and the patient's general condition is suitable.
Xanthogranulomas occur in various organs of animals including man. In the nervous system, they have been encountered within as well as outside the central nervous system [1, 2] . Both symptomatic and asymptomatic lesions arise throughout the neuraxis including the meninges. In this article, however, only symptomatic intraventricular xanthogranulomas are touched. To the author's knowledge, 35 instances of symptomatic intraventricular xanthogranulomas were reported in the medical literature: 11 lesions occurred in the lateral ventricles [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] ; 22 lesions were in the third ventricles [9, [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] ; and two lesions were in the fourth ventricles [32, 33] . Two cases were reported from Thailand; one was in the third ventricle [16] , and the other was bilateral intraventricular [8] . The latter is now re-described with particular reference to pathologic features. The literature concerning various aspects of the intraventricular xanthogranulomas is also reviewed.
Case presentation
At Nakorn Chiang Mai Hospital in 1987, a 12-year-old boy was admitted because of visual and auditory hallucinations in which a psychiatric cause had been excluded. At three years and nine months of age, he developed polyuria and was diagnosed to have diabetes insipidus. At nine years of age, he had seizure, nausea, vomiting secondary optic atrophy, hyperreflexia, bilateral plantar dorsiflexion, cranial suture diastasis, and deepening of the sella turcica. These findings were considered to represent evidence of increased intracranial pressure.
The dense enhancing, large, and lobular masses were later detected in computed tomogram (CT) brain scan. They were in the trigones of the lateral ventricles. The lumps extended into the temporal horns of the latter. On the right side, the lesion also extended into the ipsilateral occipital horn.
The patient underwent exploratory craniotomy through the posterior aspect of the left parietal region. A hard, nodular, and vascular mass was noted in the left lateral ventricle; it was biopsied. Pathologically, it contained abundant large foamy cells in which Oilred-O positive droplets of lipid were detected in their perikaryon. None was positive in glial fibrillary acidic protein in immunostained section of tissue. These foamy cells, hence, were regarded to be nonglial in nature. There were numerous lymphocytes, histiocytes, plasma cells, and multinucleated giant cells of foreign-body type. The sheets and clusters of these cells including the foamy cells were supported by abundant blood vessels especially the small ones. Necrotic foci and clefts of cholesterol crystals were occasionally observed ( Fig. 1-3) . The lesion, then, was diagnosed pathologically as xanthogranuloma from left lateral ventricle of the brain. After knowing the pathologic diagnosis, the patient underwent total removal of the biventricular tumifactions. Unfortunately, he died immediately although the masses were successfully extirpated. They were yellow, nodular, and firm. Thin capsule covered each of them (Fig. 4) . The bisected surface was bright yellow and greasy (Fig. 5) . They measured 8.5 x 5.5 x 3.5 cm and 10 x 6.5 x 4.5 cm, respectively. Microscopically, they were the same as described in the biopsied specimen. The final pathological diagnosis, then, was bilateral xanthogranulomas from the lateral ventricles of the brain. 
Discussion

General consideration
Definite connection between xanthogranulomatous masses and choroid plexuses was stated in several reported examples [3, 5-7, 9, 12-14, 21, 32] . However, in the current case, no trace of the choroid plexus is noted in the huge lesion. Nevertheless, it is reasonable to assume that the lesions were related to the choroid plexuses of the lateral ventricles in view of their bilaterality and entire confinement within the lateral ventricles, especially in the region of the trigones as depicted in CT scan of the brain. Some lesions were combined neuroepithelial (colloid) cysts and xanthogranulomas [9, 16, 18, 20, 22, 23, 27, 28, 30, 33] . Others were presumably solid xanthogranulomas.
Of 35 symptomatic intraventricular xanthogranulomas encountered in this review, there were 11 lesions in the lateral ventricles, 22 lesions in the third ventricles, and two lesions in the fourth ventricle. It is unexplainable as to why the lesion is more common in the third ventricle than in the lateral ventricle despite the lateral ventricle is more voluminous than the third ventricle and that the size of both lateral ventricular choroid plexuses is larger than the choroid plexus in the third ventricle.
Age and sex Table 1 shows distribution of the age and sex of 35 patients having symptomatic intraventricular xanthogranulomas of the brain. The lesion is most common in the third decade (20%). They appear equally in the fourth and sixth decades (17.0% each), and in the second and seventh decades (8.6% each). There were three youngest patients (one male [11] and two females [5, 13] ; each aged six years. The oldest patient was 68-year-old woman [6] . The average age is 37.6 years for males, 32.4 years for females and 34.3 years for both genders. There were 18 males and 17 females suggesting no significant difference in sexual distribution in this series of small number of patients.
Size of lesions
The size of symptomatic intraventricular xanthogranulomas was recorded in a small number of cases. Generally, they ranged between 1 cm in the fourth ventricle [33] to 3.2 x 3 x 2.5 cm in greatest dimension in the lateral ventricle [3, 5-7, 9, 10, 12, 28, 29, 31-33] . However, there were a few gigantic xanthogranulomas occurring in the lateral ventricles eg 9 x 4 x 3 cm [4], 8.5 x 5.5 x 3.5 cm, and 10 x 6.5 x 4.5 cm (current case), 8 x 3 x 2.5 cm, and 8.5 x 4.5 x 1.2 cm [11] . Nevertheless, lump of more than 1 cm across may be accidentally found in autopsy. For example, masses of 1.8 x 1.2 x 1 cm and 2.2 x 1.5 x 1.2 cm in the lateral ventricles of 59-year-old man caused neither nervous nor mental symptoms [34] . Bilateral masses, 1.7 x 1 cm each were found accidentally in the brain of a 51-year-old man who died of chronic hypertensive cardiovascular and renal disease [35] . The lesion has been rarely weighed. Nevertheless, the weight of 30 gm on the right side and 18 gm on the left side has been recorded in an example of biventricular xanthogranulomas [11] .
Mode of occurrence and origin of foamy (xanthoma) cells
The mode of occurrence of the xanthogranulomas of the choroid plexus has been variously proposed including cellular degeneration [36] , tissue reaction to hemorrhage, disturbance of lipid metabolism [37] and proliferation of certain types of cells [34] . Blumer [34] believed that the lesion arose from the endothelium of perivascular lymph spaces, and named it as cholesteatomatous endothelioma. However, it is generally concurred that lymphatic system does not exist in the neuraxis including the choroid plexus. Wolf et al. [37] and Ayres and Haymaker [36] stated that they could trace transitional forms of arachnoidal (meningocytic) cells into fully formed foamy (xanthoma) cells in the choroidal stroma. Shuangshoti and Netsky [35] regarded the foamy cells in the choroidal xanthogranuloma to be altered epithelial cells of the choroid plexus being secondarily changed from proliferation of the epithelium in which they included as well the endothelium. This phenomenon occurs in both normal and pathologic conditions of the choroid plexus, on the surface of the plexus and in the tubules embedded in the stroma of the plexus. The proliferated epithelial cells ultimately desquamate and float in the intervillous clefts if they arise near the surface, or flow into the choroidal interstitium if the basal lamina (basement membrane) is disrupted. Furthermore, the wall of the tubules may be broken if there is excessive accumulation of the epithelial cells in the tubules, presumably due to increased intraluminal pressure. The detached epithelial cells contain lipids and become foamy which cannot be distinguished from the xanthoma cells [38] . However, Shuangshoti and Netsky [35] did not exclude foamy cells from other sources such as from blood stream and foamy macrophages. Degeneration and disintegration of lipidladen foamy cells release lipid into the choroidal matrix which finally result in formation of the xanthogranuloma consisting of collection of cholesterol crystals, giant cells of foreign body type, proliferation of small blood vessels, foci of hemorrhage, granules of hemosiderin, and cacification. Epithelial origin of the foamy cells was also expressed by others who dealt with xanthogranulomas in the third ventricles [16, 21] . Razavi-Encha et al. [24] studied a third ventricular xanthogranuloma electron microscopically and concluded that the leptomeningeal cells were the origin of the xanthoma cells. In the central region of the lesion, however, they encountered intermingling of undifferentiated round cells and foamy cells. RazaviEncha et al. [24] suggested that xanthoma cells represented a heterogenous entity arising from xanthomatous alterations in various types of cells. The current author agrees with their conclusion. Table 2 shows symptoms and signs observed by various authors concerning the intraventricular xanthogranulomas. The significant ones would be headache, nausea, vomiting, and papilledema because they suggest clinically increased intracranial pressure of the subjects. These clinical finding warn ones to investigate further in order to detect correctly the cause of increased intracranial pressure of the patient. Prolonged papilledema may lead to permanent blindness due to atrophy of the head of the optic nerve. Compression of the brainstem by herniated hippocampal gyrus produces secondary brainstem hemorrhage with deteriorated consciousness, hemiparesis, pupillary changes, and eventual fatality of the patient. Compression of brainstem by herniated cerebellar tonsils also causes death of the patient because of failure in function of vital centers in the medulla oblongata. These phenomena of brain herniation often accompany raised intracranial pressure [39] [40] [41] [42] .
Symptomatology
Treatment
Surgical intervention is the treatment of choice. Of 11 cases of the lateral ventricular xanthogranulomas, six were bilateral [4, 5, 8, 10, 11, 13] ; five were unilateral [3, 6, 7, 9, 12] . Of bilateral xanthogranulomas, two masses were removed simultaneously in three patients [4, 5, 11] . One patient died immediately [8] . Only a biopsy was done in one patient [13] ; the lesions appeared to spread along the optic tract and chiasm. The patient experienced progressive bilateral visual loss and finally her vision remained at light perception [13] . In the remaining example, the result of surgical treatment was very good in all aspects except for poor vision bilaterally [11] . In another patient, multiple craniotomies were performed with uneventful recovery. However, the patient's general condition was poor because of associated Hand-Schueller-Christian disease with blindness [4] . In two instances, there was no significant change in size of the dilated ventricular system after extirpation of the biventricular lesions [5, 10] .
Of five unilateral intraventricular xanthogranulomas, the result of surgical treatment was very good in four cases [3, 6, 9, 12] . For example, the patient could return to school as normal and happy youngster [3] , free from headache in one and half years [6] , well two years after removal of the lesion [9] , and full recovery and returned to full-time worker two months after surgical intervention [12] . The result of treatment was less satisfactory in one patient [7] in which he developed homonemous hemianopia after removal of a xanthogranuloma from the choroid plexus of the right lateral ventricle. Nevertheless, parageusia and parosmia disappeared post-operatively [7] .
Of 22 third ventricular xanthogranulomas, surgical removal was done in 13 cases with satisfactory result [9, 15, 16, 18-20, 25, 28, 29, 31] . The less favorable results were obtained in two patients [17, 23] . For instance, the patient was unable to return to work in one [17] , and residual dementia in the other [23] . Death occurred in three individuals; within three weeks after hospitalization in one case [21] , one week after surgical removal because of meningitis [30] , and 22 days after surgical extirpation due to pulmonary embolism [24] . The result of surgical treatment was not stated in 2 instances [26, 27] . Two patients died without specific treatment [14, 22] . Two fourth ventricular xanthogranulomas also showed satisfactory result of surgical treatment. The patient has been well after one year of follow-up study [33] . The other patient lived three years after removal of the lesion [32] .
